Information about Information: Public Investments in Information Retrieval Research

I. Introduction
Information retrieval (IR) is the science and practice of matching information seekers with the information being sought. IR techniques have been used to improve the process of finding information in other media ranging from desktop computers and to library databases to legal/medical records. For example, Internet users rely on IR-based tools when they rely on a Web search engine.
Research on IR focuses on improving the efficiency of retrieval techniques and evaluating competing retrieval mechanisms. This research takes place worldwide, in both government laboratories and in university laboratories. While the social impact of IR is pervasive, effecting individuals, firms, and public institutions, the paucity of previous research related to this information tool is surprising. The literature that exists focuses almost exclusively on describing technical improvements in performance of IR systems over time (Rowe et al. 2010 ).
This paper expands the scope of previous academic research by examining empirically factors associated with IR performance. Specifically, we investigate in a descriptive manner correlates with IR performance. Albeit and exploratory analysis, it is motivated with an eye toward public accountability. That is, the public sector in the United States has been involved in supporting infrastructures associated with IR research, but to date there has not been a systematic study of the effectiveness of those investments.
The paper is outlined as follows. In Section II, we set the stage for the remainder of the paper by briefly providing an overview of the evolution of post-world War II IR research in the United States. In Section III, we then describe U.S. public investments in IR research that support, in an infrastructural manner, such research. In Section IV, we posit a knowledge production function model suitable to investigate a relationship between the IR performance of IR research organizations and their level of use of public investments in IR. Finally, the paper concludes in Section V with summary remarks and a call for future research on this topic.
II. Origins of IR Research
In the aftermath of World War II there was a dramatic increase in the number of scientific articles being published, based in large part on the technological advances that the war engendered. As Vannevar Bush, Director of the U.S. Office of Scientific Research and Development, observed in response to this accumulating volume and the burgeoning need for computerized IR (1945, pp. 102, 107) :
There is a growing mountain of research. But there is increased evidence that we are being bogged down today as specialization extends. … The summation of human experience is being expanded at a prodigious rate, and the means we use for threading through the consequent maze to the momentarily important item is the same as was used in the days of the square-rigged ships. … Professionally our methods of transmitting and reviewing the results of research are generations old and by now are totally inadequate for their purpose. … Consider [as a solution] a future device for individual use, which is a sort of mechanized private file and library … in which an individual stores all his books, records, and communications, and which is mechanized so that it may be consulted with exceeding speed and flexibility.
Shortly after the war, and partly in response to Bush's concerns, the Uniterm system was developed by Mortimer Taube of the U.S. Library of Congress. This system indexed documents based on key words rather than on subject headings as had been used over previous decades in, for example, card catalogues (Meadow et al. 2000 ).
Taube's efforts represented a major and unprecedented step forward. Prior to the 1950s, all of the tasks of an IR system were manual. Users seeking to identify documents related to particular topics relied on printed bibliographic indexes, generally available in the form of a library card catalogue. In the case of scientific literature, professional societies published indices from time to time to serve as a research guide (Meadow et al. 2000) .
By the early 1950s, IR researchers seeking to improve or develop more efficient retrieval systems realized that matching documents using a key word index system, like Uniterm, was essentially a process that could be described by the algebra of sets and thus computers could understand the underlying algorithms. The first demonstration and implementation of such a computer-based search system was at the Naval Ordinance Test Station (NOTS) in California in 1954 using an IBM 701 computer (Bourne 1999) .
As new computer-based indexing systems proliferated during the mid-1950s, the question of which index was most useful for IR was addressed by Cyril Cleverdon of Cranfield University in the United Kingdom (Robertson 2008) . While his comparative study did not reveal significant differences among the existing computer-based systems in use at that time-the Uniterm system, the Universal Decimal Classification system, an alphabetical subject catalogue system, and a faceted classification system-it did establish a basic methodology for subsequent evaluation studies. 
III. Public Investments in IR Research
During the late 1980s, the public sector undertook efforts to advance IR research because of the public good nature of knowledge per se. Market failure is the terse rationale for public investments in technology with a public or quasi-public good nature. More to the point, the public sector's role in innovation is based on an expected social return from its investments that is greater than society's hurdle rate, and on the private sector's inability to undertake the socially-desirable level of such investment.
2 Donna Harman, an IR researcher at the National Institute of Standards and Technology (NIST), established using public-sector resources, the Citator System to illustrate the 1 A detailed description of these systems is in Rowe et al. (2010) . 2 These arguments trace to the pioneering work of Arrow (1962) as articulated most recently by Scott (2005, 2011) . effectiveness of statistical IR techniques on large test collections (Harman and Candela 1990 ). The NIST database is used herein to examine correlates with improvements in IR performance. A total of 392 survey instruments were fully or partially completed; however, only 229 respondents reported both the country in which the surveyed organization resides and its research type. We also hypothesize that the research size of the organizational unit, measured in terms of its IR R&D expenditures ($millions), IRRD, will have a positive impact on IR performance.
The larger the organization, the greater the likelihood that the organization will realize economies of scale in research and thus greater IR performance. Respondents were asked to report their IR R&D expenditures within ranges (e.g., $100M to $249M). The mid-point of alternative ranges was used to quantify IRRD.
The framework for descriptive analysis is based on a knowledge production function, as popularized by Griliches (1979) . A knowledge production function assumes that innovative output is a function of the stock of technical knowledge, among other resources, and has been posited to take a Cobb-Douglas function form. The stock of technical knowledge is then described as a function of investments in R&D. Within the context of our statistical analysis, the 7 IR system improvement is generally based through an analysis of Mean Average Precision (MAP). A MAP score is calculated as follows. First, for a given query, the average of all the precision values is calculated at each recall point in a document. Then, the mean of all the query average precision scores is determined. The resulting MPA value provides a single measure of the quality of the IR program across recall levels (Manning et al. 2008) . It is important to note that the percentage improvement in IR system performance may be related to the absolute maturity of the system. That is, if a researcher has just developed a new IR system, it may realize improvements of, say 50% to 75% over a period of time. However, a researcher who has been making gradual improvements to an IR system may only realize improvements that are one-tenth or less of this amount even though the latter system is of comparable quality, as measured by its MAP score. This vintage effect is controlled for, at least partially, through IRRD (see below). 8 The theoretical range for UTILZ is 0 to 34.
variable PERFORM is a measure of innovative output, public investments into the stock of technical knowledge are represented by the variable UTILIZ, 9 and internal investments into the stock of technical knowledge are represented by the variable IRRD.
Thus, following Griliches (1979) and the academic research that followed:
For estimation purposes, equation (1) is written as:
where α is an intercept term and ε is a normal and randomly distributed error term. Based on the extant literature, one would expect β and γ to be positive; their level of significance is an empirical issue.
Also held constant in the estimable version of equation (2) are binary variables to control for whether the organization is U.S. or non-U.S.; or U.S., European, or Asian; and binary variables to control for whether the organization is an academic or government laboratory. We do not offer hypotheses for these control variables.
Descriptive statistics on all variables used in the estimation of equation (2) are in Table 2 .
C. Regression Results
The least-squares regression results from equation (2) are reported in Table 3 . The extent to which the research organization utilizes TREC resources, UTLIZ, is highly correlated with IR performance. 11 Broadly interpreted, this finding justifies government's involvement in IR research in the sense that it quantifies one dimension of the benefits attributable to such public investments.
Alternative versions of equation (2) were also estimated. In one set of equations IRRD is the research size regressor and in the other set IRRD and IRRD 2 are the regressors to account for 9 Broadly speaking, the variable UTILIZ is a measure of each organizations investment in public education, and as Nelson and Phelps (1966) have shown such education is positively related to innovative output. 10 The subsequent research has been summarized by Link and Siegel (2003) . 11 There is no statistical evidence that UTLIZ is non-linearly related to IR performance. These results are available on request from the authors.
the possibility of diminishing returns. Research size appears to also be linearly related to IR performance. The estimated coefficient on IRRD is marginally significant when the non-linear effect is controlled; see columns (2) and (4).
IR performance is not related to the geographical location of the research organization, where the organization is dichotomously measured in terms of U.S. versus non-U.S. location or in terms of U.S. versus Europe versus Asia versus the rest of the world.
Lastly, the IR performance of academic and government laboratories, holding laboratory size and utilization of TREC resources constant, is significantly greater than in IR service and software companies (subsumed in the intercept term).
V. Concluding Remarks
The findings presented in this paper, albeit exploratory in scope and structure, suggest that there are quantifiable social benefits associated with U.S. investments in IR research.
Utilization of IR resources from TREC has a positive impact on the IR performance of the using research organization, other things held constant. As well, the finding that the knowledge associated with the use of TREC resources is not geographically bounded underscores not only the public good nature of knowledge per se but also it substantiates in part public investments in IR research.
Our findings should be interpreted with caution and no generalizations should be made about the impact of either public-sector investments in IR infrastructure or private R&D on IR knowledge. 12 More research is certainly needed not only from an evaluation perspective but also from an institutional perspective related to the breadth of importance of IR and it broad-based impacts on society. 
